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1. Introduction

Bicycle use can contribute to curbing high worldwide levels of physical inactivity, which is responsible for 6% to 10% of the
burden of non-communicable diseases, such as Type 2 diabetes, coronary heart disease, and breast and colon cancers (Lee et al.,
2012). The benefits also seem to outweigh the risks (i.e. exposure to air pollution (de Hartog et al., 2010; Tainio et al., 2016;
Woodcock et al., 2014)). Such benefits make bicycling a key component in improving population health, reducing environmental
hazards (e.g., air and noise pollution), and addressing climate change in urban areas (Handy et al., 2014; Hunter et al., 2017). The
promotion of bicycling as part of sustainable transport systems has recently been explicitly stated in the international policy paper
“New Urban Agenda” (United Nations, 2017).

Bicycle-sharing systems have been used to promote bicycling as a viable means of transport in cities. After a sharp increase in
recent years, almost 1200 cities worldwide have bicycle-sharing systems (Meddin, 2017). In Brazil, bicycle-sharing systems have
expanded in the last decade due to public-private partnerships promoted by municipalities (Gauthier et al., 2013). Bicycle-sharing
systems can provide valuable data, as detailed information on distance, location, and duration of each of the trips can often be
obtained for each user (Romanillos et al., 2016). These datasets collect detailed input on the trips which can be linked to the profile of
the users, allowing, for instance, for the evaluation of specific health impact outcomes (Rojas-Rueda et al., 2011; Woodcock et al.,
2014), with variables for which private bicycling data are either unavailable or incomplete.

Initial evidence on bicycle-sharing systems from high-income countries shows that they seem to attract a specific profile of users
in terms of gender (males), ethnicity (white), and work status (employed) (Woodcock et al., 2014). The pool of bicycle-sharing system
users also seems to be younger, richer, and more highly educated than the general population where these systems are located
(Fishman et al., 2014; Shaheen et al., 2013).

These demographic discrepancies are often exacerbated by the unequal distribution of the stations and covered areas (Clark and
Curl, 2016; Ogilvie and Goodman, 2012; Ricci, 2015). Such spatial distribution has been attributed to economic and political goals
that favor central and densely populated areas of the city in the initial implementation to maximize the use of the stations. However,
such allocation of resources can lead to unequal access to the system (Gauthier et al., 2013; Goodman and Cheshire, 2014). Examples
of economic and political goals ruling the implementation of the systems are: managing tourism (in some cases encouraging access, in
others restricting it), advertising deals with private entities (such as banks and private companies that sponsor the systems) (Duarte,
2016), public visibility of the actions, and contribution to the image of the city as sustainable or “green” (Ricci, 2015). Improving the
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connection of bicycle-sharing systems with other modes of public transportation is often not among the main goals of these systems. A
better integration of different modes of transportation provides access to users who need to cover longer distances on their daily
commutes and/or live far from bicycle-sharing stations.

In Brazil, despite the proliferation of bicycle-sharing systems in large cities, little information is available on where they are
located, as well as the technical and political decisions governing their planning and implementation, and to what extent they can
contribute with social and spatial inequalities. We thus assessed whether bicycle-sharing systems located in large Brazilian cities are
unequally distributed, and performed a document analysis of the planning and implementation process in one of the study cities to
understand to what extent this process may contribute to an unequal social and geographic distribution of these systems.

2. Material and methods

We employed a mixed-methods approach to assess the spatial and social inequalities in Brazilian bicycle-sharing systems
(Creswell and Clark, 2011). Data were drawn from a survey with bicycle-sharing systems users across five large Brazilian cities and a
document analysis of the largest bicycle-sharing system in Brazil.

2.1. Users’ characteristics and social and spatial distribution

Using a cross-sectional design, we included in the study only Brazilian capital cities for which bicycle-sharing system and users’
characteristics were available: Porto Alegre, Recife, Salvador, Sao Paulo, and Rio de Janeiro. We obtained information on bicycle-
sharing systems’ users from intercept surveys conducted by the Brazilian Centre of Analysis and Planning (CEBRAP) between June
and December of 2014 (Porto Alegre: June; Recife: July - August; Salvador: September - October; Sao Paulo and Rio de Janeiro:
November - December).

Secondly, we gathered information on the location of bicycle-sharing stations using the Bike-Sharing World Map (DeMaio and
Meddin, 2017). Information on the bicycle-sharing systems partners, subscription rules, and costs were obtained from each man-
agement company website and confirmed by phone in July 2016. The geocoded locations of the systems’ stations and the number of
slots in each station were available at the bike share schemes websites’ source code. The source codes were copied to the software
Notepad++ 6.7.9.2 in July 8th, 2016, and the information was extracted for each city using a script implemented in Stata 13.1. The
outputs from the script were transferred to a geographic information system software. We created the catchment area for each system
using buffers of 500 m around each station, which corresponds to the average distance between pairs of nearest neighbor stations in
the study sites (465 m) using ArcGIS Desktop 10.4. We used Euclidean distance to calculate the nearest neighbor distance between
bicycle-sharing stations QGIS Geographic Information System (QGIS Development Team, 2017).

2.1.1. Statistical analysis
Firstly, we described the characteristics of bicycle-sharing systems catchment areas in each city and compared this with citywide

information available at the 2010 Brazilian Census (IBGE, 2016). We compared citywide information on the size of the population
covered by each system's catchment area, percent of the population covered by this same catchment area, mean income of the head of
the household, and percent of the population who self-declared to be white in each catchment area. Finally, we divided the in-
formation on the mean income of the head of the household in the system catchment area by the same information in the entire city
to create an income ratio variable.

Secondly, we described users’ characteristics by socioeconomic variables: sex, age (10 – 19, 20 – 29, 30 – 39, 40 – 49, 50 – 59, and
≥ 60 years), educational level (elementary school or less, middle school, high school, and college or more), and monthly household
income (≤ 2, 2 – 5, 6 – 10,> 10 minimum wages). As of July 2014, the Brazilian minimum wage was R$ 724.00 or US$ 326.00. We
then compared users’ characteristics with 2010 Brazilian Census data (IBGE, 2016) for each city. Variables included the percentage of
males, age, educational level, and mean household income.

To assess whether there were socioeconomic and spatial inequalities in the access to bicycle-sharing systems, we averaged data on
the mean income of the head of the household, estimated the total population, the percentage of white residents, and the area covered
by each bicycle-sharing system catchment area. We then compared these characteristics with the same variables for the entire
municipality. Data were gathered from the most recent Brazilian Census (2010) (IBGE, 2016).

We conducted a sensitivity analysis using buffers of 1000 m around each station to create alternative catchment areas for each
system. We decided to test whether a larger distance, which corresponds to approximately 10 minutes of reasonable walking for
transportation distance and time (Watson et al., 2015), would produce different results.

Stata 13.1, ArcGIS 10.4, and QGIS Geographic Information System (QGIS Development Team, 2017) were used to perform the
analyses.

2.2. Case study

We then conducted a document analysis for the City of Sao Paulo to highlight the decision-making processes behind the spatial
outcomes and locations of the bicycle-sharing systems identified in the quantitative portion of this article and to understand to what
extent the planning and implementation of this system may have contributed with an unequal access to the stations. We used a
critical case study format, following Ragin and Amoroso's (2010) methods and because of the unbounded interfaces between phe-
nomenon and context in this example (Yin, 2008). We thus attempted to understand the complexities and intricacies of the layering of
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and planning of systems behind the various bicycle-sharing programs in São Paulo. Specifically, it took the format of a linear-analytic
case study emphasizing exploratory and descriptive purposes (Yin, 2008). Additionally, we employed an actor-centered approach
highlighting how urban spaces are shaped by various internal and external forces of change at different scales (Markusen, 2004; Olds,
2002; Shatkin, 2008; Yeoh, 1999); and emphasized historicized trajectories and contexts of urban policy development (Abu-Lughod,
1999; Shatkin, 2008).

We chose the city Sao Paulo because it houses the largest bicycle-sharing system (combining BikeSampa and CicloSampa) in the
country, and information on how the bicycle-sharing system was implemented was available in public records. We examined the
websites of Sao Paulo's Secretariat of Urban Planning and Development, Transportation Secretariat, and the City of Sao Paulo
websites, online public records on the City of Sao Paulo Diario Oficial, and the bicycle-sharing programs, management consortiums,
and companies that are part of the consortium, using a keyword search (bicycle-sharing systems, bicycle, and the names of specific
programs and companies involved in the implementation process). This was supplemented by searches of laws, contracts, and
regulations mentioned in cross-references contained in the first set of resulting documents. These searches occurred every ten weeks
between January and October 2016 to account for any updates and changes to the contracts and regulations. Materials were coded
based on thematic subject areas, including planning processes, contractual arrangements, and collaboration between various cycling
and other transportation systems (Weiss, 1995). Initially, we read the documents deemed relevant upon first review, eliminating
those that did not actually pertain to the bicycle-sharing systems. Secondly, we reviewed the documents to identify the thematic areas
and sort the data. We then examined the documents again for the final coding. Finally, findings were triangulated across the various
types of data sources examined (Groat and Wang, 2002).

3. Results

3.1. Brief description of the cities

Porto Alegre is a Southern city and has around 1.4 million inhabitants, the highest mean monthly household income and lowest
GINI coefficient (0.614) of the studied cities (IBGE, 2016). Recife and Salvador, located in the Brazilian Northeastern region, are the
poorest among study cities. Recife is also the most unequal study city (Recife's GINI coefficient = 0.689, Salvador = 0.645). Sao
Paulo and Rio de Janeiro, located in the Brazilian Southeast region, are the largest and among the richest cities in Brazil. Income
inequality is, however high across the country (The World Bank, 2016), with GINI coefficients reaching 0.645 and 0.639 in Sao Paulo
and Rio de Janeiro, respectively.

Despite socioeconomic differences across study cities, almost 100% of their populations live in urban settings (IBGE, 2016).
Table 1 presents the characteristics of each city.

3.2. Characteristics of the bicycle-sharing systems

All cities have Itaú Bank as the main private sponsor and Serttel/Samba as the private operator of the bicycle-sharing systems. Sao
Paulo is the only city where two independent systems coexist. Aside from an Itaú Bank sponsored system, a second system known as
CicloSampa is sponsored by Bradesco Bank. Registration is needed to use any of the systems. In all bicycle-sharing systems, a credit
card is required for an online registration. There is no annual fee and all systems have the first hour free of charge and R$ 5.00 (US$
1.55 as of January 2017) are charged for every additional hour of use (except for CicloSampa, in which the first 30 minutes are free
and then R$ 5.00 are charged for every additional 30 minutes). During the same period, bus fares were around R$ 3.80 (US$ 1.17)
across all cities.

3.3. Social and spatial distribution

Fig. 1a-e depict social and spatial inequalities in the access of bicycle-sharing systems. Catchment areas based on 500-m buffers
around bicycle-sharing stations covered relatively small geographic portions of the cities, varying from 7.9 to 24.7%, encompassing
6.2 to 18.3% of the cities’ population (Table 1).

In all cities, most of the bicycle-sharing stations are in high-income neighborhoods, which in coastal cities (Recife, Rio de Janeiro
and Salvador) are found along the seashore. Unequal access to these systems in terms of income is noteworthy: the mean income of
the head of the household in the areas served by the bicycle-sharing systems was 1.6 to 2.3 times the cities’ mean income of the head
of the household. Absolute differences between catchment areas and city-level mean income varied from R$ 1,169 in Sao Paulo to R$
2,601 in Salvador (Table 1). Analysis using a larger catchment area (1000-m buffers around stations) showed similar results.

Areas served by bicycle-sharing systems also had a higher percentage of white residents when compared with citywide figures
across all five sites. For instance, in Salvador, where 18.9% of the population is white, the percentage of white residents in the city's
bicycle-sharing system catchment area was almost twice as higher (35.6%).

3.4. Users’ characteristics

Bicycle-sharing systems users’ characteristics differ, in general, from the observed demographics of the entire city (Table 2). For
instance, there are more men than women in 4 of the 5 cities (not in Porto Alegre). In terms of educational level, bicycle-sharing users
have an overwhelmingly higher attainment than each city general population. Despite lower educated individuals (less than high
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Fig. 1.

Table 2
Characteristics of bicycle-sharing system users in selected Brazilian state capitals (2014), compared with citywide population characteristics (2010).

Characteristics Porto Alegre (n =
317)

Recife (n = 370) Rio de Janeiro (n =
503)

Salvador (n = 318) Sao Paulo (n = 455)

% %Popa % %Popa % %Popa % %Popa % %Popa

Sex
Women 59.9 54.2 47.0 54.6 41.4 53.7 28.0 53.9 26.3 53.2
Men 40.1 45.8 53.0 45.4 58.7 46.3 72.0 46.1 73.7 46.8

Age (years)
10 – 19 5.1 16.4 16.2 18.4 4.5 16.7 20.6 18.2 11.7 17.5
20 – 29 32.5 19.9 45.5 21.0 33.2 19.1 42.1 23.0 44.7 21.1
30 – 39 34.7 17.3 30.0 18.7 30.4 17.9 25.6 20.6 30.0 19.4
40 – 49 21.5 15.4 9.7 16.3 20.1 15.8 8.5 16.2 7.9 15.9
50 – 59 4.3 14.0 4.3 12.0 8.4 13.6 2.9 11.4 5.7 12.4
≥ 60 1.9 17.0 0.3 13.6 3.4 16.9 0.3 10.6 – 13.7

Educational level
Elementary school or less 0.6 31.8 – 39.8 – 34.3 2.9 37.5 0.7 38.1
Middle school 10.1 17.4 6.8 16.6 6.0 18.4 10.8 17.0 5.6 18.6
High school 74.5 30.6 73.8 29.2 45.3 30.7 58.5 34.4 40.4 27.0
College or more 14.8 20.2 19.4 14.4 49.7 16.6 27.8 11.1 53.3 16.3

Monthly household income
(minimum wages)b

≤ 2 13.5 18.7 35.4 38.5 1.4 23.7 34.5 39.1 6.5 20.4
2 – 5 52.0 32.6 38.1 30.4 29.9 34.2 41.3 32.9 28.0 34.8
6 – 10 28.8 23.5 19.2 14.4 35.9 20.7 17.4 14.8 32.2 22.6
> 10 5.7 25.2 7.3 16.7 32.8 21.4 6.8 13.2 33.3 22.2

Monthly household income had the lowest response rate (Porto Alegre: 98%, Recife: 79%, Salvador: 67%, Sao Paulo: 84%, Rio de Janeiro: 88%). Otherwise, the lowest
response rate was 97% (age, Sao Paulo).

a Proportion in the city's population, based on the Brazilian 2010 Census data.
b As of Jul 2010, Brazilian national minimum wage = R$ 510.00 or US$ 286.00. As of Jul 2014, 1 minimum wage = R$ 724.00 or US$ 326.00.
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school) representing 30 to 40% of the population, in four cities (Porto Alegre, Recife, Sao Paulo, and Rio de Janeiro) such group
represents less than 1% of the users. In Sao Paulo, more than half of the users have a college degree, while the city's figure only
reaches 16% of the population. Porto Alegre is again an exception, as users have lower education level than the city general po-
pulation.

Even though the mean income of the head of the household in the areas served by the bicycle-sharing systems was higher than the
cities’ mean income of the head of the household (Table 1), bicycle-sharing systems’ users do not necessarily belong to high-income
groups (i.e., monthly household income higher than 10 minimum wages). For instance, in Porto Alegre, Recife, and Salvador, more
than 65% of the users earn less than five minimum wages (Table 2).

3.5. Case study of Sao Paulo

3.5.1. Characteristics of bicycle-sharing systems in Sao Paulo
The city of Sao Paulo currently has two active bicycle-sharing systems, along with two non-operative systems: inside the largest

university campus in the city and another within a few subway stations. Sao Paulo's first bicycle-sharing system began in 2008 in 10
subway stations, but was suspended in 2012 due to lack of sponsorship received by the Instituto Parada Vital, a Non-Governmental
Organization that managed the system at the time. This system was reactivated by another management company, FGTV Produções,
in July 2013, but remained open for less than a month due to structural and management issues.

BikeSampa, the main running system, is sponsored by Itaú Bank, the largest private bank in Brazil and second largest in the
country (Banco Central do Brasil, 2015). The system is managed by Mobilicidade/Serttel—a bicycle-sharing and public parking
management company with sharing systems in ten other Brazilian cities. At least five of these other systems are also sponsored by Itaú
Bank (Mobilize Brasil, 2016). BikeSampa was implemented in 2012 (Mobilize Brasil, 2012) and has a wider spatial reach in com-
parison to the other running systems in the city, although stations are concentrated in central and high-income areas of the city, as
seen in Fig. 1d.

The other bicycle-sharing system, CicloSampa, is sponsored by Bradesco Bank (which also sponsors open street initiatives) and
began in 2013 (CicloSampa, 2013; Mobilize Brasil, 2013). Bradesco bank is the second largest private bank in Brazil and fourth
largest in the country (Banco Central do Brasil, 2015). It is the only Brazilian system managed by PegBicycle/Trunfo company, and is
also highly concentrated in a few high-income and central neighborhoods. However, this system is not integrated with BikeSampa
and operate with different payment schemes and mechanisms.

In the Sao Paulo BikeSampa system, no information about transportation planning (i.e., the specific methods employed to de-
termine siting of the stations) was publicly available; rather, contracts merely stipulated the number of stations to be constructed and
the number of bicycles to be in the system (Diário Oficial do Estado de São Paulo, 2012). Furthermore, this system did not pass
through any forms of public participation and we did not find any information regarding it (Diário Oficial do Estado de São Paulo,
2013).

3.5.2. Contractual conditions of BikeSampa
In early 2015, BikeSampa's contract with the city expired and the city government attempted to open a new contractual public

bidding process. Stipulations of this new contract would have expanded the period of free time and added at least 400 new stations
throughout the city, as well as additional transparency and oversight measures. This would have included more open data and public
access to ridership information (Diário Oficial da Prefeitura de São Paulo, 2015). Additionally, the new public bidding would have
allowed for more than one sponsor and consortiums (Diário Oficial da Prefeitura de São Paulo, 2015), a measure that could have
foreseen the integration of the two major systems. The bidding system would have also prioritized offers that installed more stations
in less time and that would also serve peripheral neighborhoods (Diário Oficial da Prefeitura de São Paulo, 2015). However, con-
tracting officials and representatives of BikeSampa warned that should BikeSampa have not won the renewal, their entire system
would be removed and a new system would be created by the winning bidder (Balago, 2015).

This public bidding process was suspended by the municipal audit office later in 2015 due to complaints from two interested
businesses (Diário Oficial da Prefeitura de São Paulo, 2015). According to these businesses, the bidding process limited the number of
potential bidders because of the expansion project's size, scope, and timeline. Businesses also claimed that it was restrictive in
requiring potential bidders to have previous experience managing bicycle-sharing systems of at least 40 stations. Meanwhile, Bi-
keSampa continues to manage the system without a contract, but has suspended the expansion of stations and number of bicycles
(Diário Oficial da Cidade de São Paulo, 2015). Thus, the number of stations out of service has grown and the number of available
bicycles has decreased, as has also been observed in Recife (Soares, 2016).

3.5.3. Further bidding processes
In January 2016, the municipal government opened a request for proposals for bicycle-sharing systems in the city, which allows

for potential management companies to define their own criteria, project size, scope, and timeline, among other factors. Later in
2016, the municipal government passed a law, Integra-Bike, to create a new and expanded system near and within subway stations,
train stations, and bus terminals, but until December 2016, it had not yet announced specific plans for its implementation (Diário
Oficial da Prefeitura de São Paulo, 2016).
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4. Discussion

We assessed whether bicycle-sharing systems in five Brazilian large cities had an unequal social and spatial distribution, and
performed a document analysis of the planning and implementation in the municipality of Sao Paulo. We found that bicycle-sharing
systems in Brazil do not equally serve the population of the state capitals in which the study was conducted. Only a fraction of the
population (6.28%-18.28%) and area (7.9 to 24.7%) of the studied cities are covered by the systems, which are also located in
wealthier neighborhoods. We found that the mean income of the areas served by the bicycle-sharing systems was twice the cities’
mean income.

Unequal access to bicycle-sharing systems has also been documented in other parts of the world, such as New York, London,
Glasgow, Toronto, Chicago and Mexico City (Clark and Curl, 2016; Duarte, 2016; Goodman and Cheshire, 2014; Ogilvie and
Goodman, 2012). In Glasgow, for example, only 10–15% of the population has access to bicycle and car sharing stations (Clark and
Curl, 2016). In London, “deprived areas” were more likely to be further away from stations, and females and residents in deprived
areas were underrepresented among system users in 2012 (Goodman and Cheshire, 2014; Ogilvie and Goodman, 2012).

Although planning guidelines for bicycle-sharing systems suggest that bicycle stations must be in neighborhoods with higher
population density (Gauthier et al., 2013; NACTO, 2016; Toole Design Group, 2012), few of them mention specifically the risk of
spatial inequalities (Shaheen et al., 2016). In Sao Paulo, we found that bicycle-sharing stations are not only in neighborhoods with
higher population densities, but also in wealthier and proportionally whiter neighborhoods. These are also areas with some of the
best living conditions in the city, more green space and consequently more pleasant temperatures, lower crime rates (Villaça, 2011),
as well as better access to healthy foods and facilities for physical activity (Duran et al., 2013; Jaime et al., 2011).

Bicycle-sharing systems in many of the cities featured in the literature are also linked to advertising contracts with the sponsoring
companies (Duarte, 2016). Such contractual arrangements (Ricci, 2015) and the role of advertising (Duarte, 2016) can influence the
siting and structuring of bicycle-sharing systems. These arrangements may partially explain the reported spatial limitations, parti-
cularly by hindering the expansion to poorer areas (Duarte, 2016). While our study of contractual arrangements focused on Sao
Paulo, similar phenomena may occur in other Brazilian cities as the same private partner serves all studied cities. In bicycle-sharing
systems, as in other types of public-private partnership arrangements, private sector actors seek returns (including financial, public
image improvement, and marketing) from their investments. Public bids for future systems in Sao Paulo recognize these shortcomings
and have called for more transparency and better integration with other existing forms of public transportation (Diário Oficial da
Prefeitura de São Paulo, 2015). However, none of these have advanced to the planning — much less the implementation — phase
(Diário Oficial da Cidade de São Paulo, 2015; Diário Oficial da Prefeitura de São Paulo, 2016). Although expanding the systems to
better serve low-income neighborhoods (Ricci, 2015) can help reduce reported inequalities, systems have faced contractual limita-
tions in other settings (Beroud and Anaya, 2012). A more thorough analysis of the role of public agencies in these systems (Shaheen
et al., 2016), the models of public-private partnerships (Beroud and Anaya, 2012), and other governance aspects such as participatory
processes (Anaya and Castro, 2012) can help address the equity issues found in this article. Bicycle-sharing systems in Brazil primarily
target short trips – the initial 30–60 minutes of use are free. Moreover, the location of the stations is not integrated with other modes
of public transportation. Recent attempts in Sao Paulo have tried to address the issue of intermodality, but have not yet been
implemented (Diário Oficial da Prefeitura de São Paulo, 2016). In Sao Paulo, unclear guidelines in contracts and number of actors
involved in transportation system planning made such goal less reachable (Diário Oficial do Estado de São Paulo, 2013, 2012). Taking
the Sao Paulo example, the subway and regional train systems are managed by the state government, the bus system is managed by
the municipal government, and bicycle-sharing systems are managed by private sector actors (Diário Oficial da Prefeitura de São
Paulo, 2016). Such disparate planning makes comprehensive and interconnected systems difficult.

Nonetheless, many of these issues we found in Brazil have been identified around the globe ( Beroud and Anaya, 2012; Shaheen
et al., 2016). Prohibitive costs for users, stations with inadequate distances between them, poor integration with other transport
systems, low levels of geographic and socio-economic dispersion across cities, and management issues between the public and private
sectors are some of the issues that have prevented bicycle-sharing systems from reaching their fullest potential. Cities like Seattle –
ranked at 24 for bicycle commuting (3.7% of commutes are done by bicycle) among cities above 65,000 inhabitants in the United
States (League of American Bicyclists, 2015) –, have even discontinued their systems for some of the above reasons (Small, 2017). As
these systems continue to expand and mature, such issues should be confronted to ensure their long-term sustainability, viability, and
to increase usership numbers and access.

Policymakers and practitioners should include equality indicators in their evaluation strategies, planning, and technical activities.
To ensure parity in access, call for tenders and contractual documents—as well as planning processes—should also address equity
(Ricci, 2015). Furthermore, when introduced in certain areas, bicycle policies can generate “bikelash”, resistance or hostility towards
the presence of cyclists or cycling facilities in the streets (Wild et al., 2017) and the potential gentrification processes should be
accounted for (Hoffmann and Lugo, 2014).

The strengths of our paper include the combined analysis of Brazilian state capitals located in different geographic regions of the
country, enabling us to study the differences and similarities of the implementation of these systems across cities. Secondly, we
analyzed whether spatial and social inequalities were present both in the geographic coverage of the bicycle-sharing systems and in
the distribution of the users. Finally, by adding a document analysis of the largest system in the country, we discussed the role of the
systems’ contractual arrangements in shaping the location and coverage of these systems.

Our study has, however, a few limitations. Characteristics of users were gathered from intercept surveys which may have in-
troduced selection bias and did not allow us to further explore where users lived or whether they owned a private bicycle. Thus, our
results may not be considered representative of users of bicycle-sharing systems across Brazil. We were not able to conduct a
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document analysis for all cities. Considering the private partners that manage the greatest number of stations in Sao Paulo also
manage the systems in all other cities, findings may be similar and applicable for other Brazilian cities where such bicycle-sharing
systems were implemented.

Topography, lower availability, and quality of bicycling infrastructure might also be associated with lower access to these systems
in low-income areas, although at the time of systems’ implementation in Brazil, bicycling infrastructure was similarly deficient across
the cities. In Sao Paulo city, for instance, more than half of the implemented kilometers of cycling paths were implemented after
2014. And yet, the coverage remains low when compared with the entire road network (468 km of cycling paths /17,000 km of street
network = 2.8%) (Mobilize Brazil, 2017). Nonetheless, by taking advantage of household travel surveys periodically undertaken in a
few large cities (Sá et al., 2016; Zhang et al., 2014), further research could map preferable routes by cyclists to help inform bicycle-
sharing systems planners as well as help researchers further tackle inequality issues in accessibility to the systems, particularly to
those more willing to use them if connection with other modes of transportation is favorable when sharing stations are chosen
(Lovelace et al., 2017; Zhang et al., 2014). Individuals commuting a relatively short distance by individual or public transportation
are more likely to shift to bicycle use (Zhang et al., 2014).

Inequality in access to the systems is rooted in the process for choosing the station locations in the city, which was illustrated in
greater detail in the case of Sao Paulo; however, further analysis in other cities are warrant. Understanding how bicycle-sharing
systems can interconnect and complement trips from other modes of public transportation could reduce such spatial access in-
equalities and provide valuable information for systems’ planners at the public and private sectors. Finally, we considered only spatial
accessibility. Understanding individual preferences and barriers that prevent a higher ridership can contribute to a wider assessment
of bicycle-sharing systems’ users.

In conclusion, we found inequalities in the coverage of bicycle-sharing systems in Brazil, favoring wealthier and centrally located
neighborhoods where a comparatively higher proportion of the population is white. Additionally, we showed how contractual ar-
rangements seem to play a greater role than public input in shaping the location and coverage of bicycle-sharing systems in the
country. Finally, we found that the bicycle-sharing systems are not necessarily linked to municipal public transportation systems,
consequently restricting access for residents who do not live close to the stations’ catchment areas.
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